Inhaled corticosteroids (ICSs) 
W
hen the national guidelines for the diagnosis and management of asthma were first established, severity classification (intermittent or mild persistent, moderate persistent, or severe persistent) was a key determinant of pharmacologic treatment. Although asthma severity remains a relevant indicator of the intrinsic intensity of the disease process, the National Asthma Education and Prevention Program 1 guidelines and the Global Initiative for Asthma guidelines 2 now emphasize the variable nature of asthma, with treatment based on disease control and treatment response, rather than severity alone. 3 The goals of treatment now include achieving and maintaining overall asthma control through reductions in impairment and risk. 1 Impairment takes into consideration the frequency and intensity of symptoms and functional limitations, including lung function, whereas risk includes the likelihood of exacerbations, medication-related adverse effects, and lung function decline (or reduced lung growth in children). 1 The disadvantage of basing treatment decisions solely on asthma severity stems from the inherent variability in control; loss of asthma control can occur among patients in any severity category. More than one-half of poorly controlled asthma cases occur in patients with intermittent (35%) or mild persistent (26%) disease. 4 Variability in overall asthma control is further evidenced by studies that show severe exacerbations among patients who report symptoms consistent with intermittent or mild persistent asthma. [5] [6] [7] Therefore, asthma treatment should be initiated based on asthma severity in patients not receiving controller therapy and adjusted based on overall asthma control as measured by impairment and risk in patients receiving therapy. 1 Daily therapy with an inhaled corticosteroid (ICS) is recommended as first-line treatment for persistent asthma. 1, 2 ICSs can be used alone, or when necessary, in combination with a long-acting ␤ 2 -adrenergic agonist (LABA) to maintain overall asthma control. This review focuses on studies of budesonide (Table 1) 5, 8 -13 that have contributed to the understanding of the role of ICSs in controlling persistent asthma. The importance of some of these key studies is reflected in the R, DB, PBO-controlled 3-yr phase followed by 2-yr OL phase • BUD DPI 100 g ϩ
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• BUD DPI 400 g ϩ 15 These studies enrolled generally mild to moderate patient populations, some with ICS-naive, recent-onset asthma. The review evaluates the use of ICS therapy in these patients, discussing the benefits of initiating ICSs early in the course of the disease, maintaining long-term treatment with ICSs, and using ICSs on a regular basis. It also discusses patient populations with asthma uncontrolled on ICSs that may benefit from a step up to combination treatment of ICS and LABA.
EARLY INTERVENTION WITH ICS THERAPY: THE START STUDY
Results from early studies of budesonide suggested that improvements in asthma with ICS therapy were greater when the ICS was initiated early in the disease process. 16 -18 However, studies were confounded by inclusion of patients with long-standing disease. 8 The inhaled START in early asthma study was the largest randomized, double-blind, placebo-controlled trial to assess the effect of early intervention with ICS therapy. Patients who had mild persistent asthma (defined as cough, wheeze, dyspnea, chest tightness, or nocturnal awakening due to any of these symptoms at least weekly, but not daily) of recent onset (i.e., Ͻ2 years) and who had received Ͻ30 days of corticosteroid treatment per year were included in the study.
14 Patients with a prebronchodilator forced expiratory volume at 1 second (FEV 1 ) of Ͻ60% of predicted or a postbronchodilator FEV 1 of Ͻ80% of predicted were excluded from the study. 8, 14 Overall, 7241 patients were randomized to receive budesonide or placebo in addition to their usual asthma therapy for 3 years. 8 The results from the START study show the benefits of initiating single-entity ICS therapy early in the course of the disease to reduce the risk of exacerbations and decrease impairment in corticosteroid-naive patients with persistent asthma. 8 Overall, budesonide administered via dry powder inhaler (DPI) significantly reduced the risk of a first severe asthma-related event (SARE; Fig. 1 ). Additionally, significantly fewer patients in the budesonide DPI group received systemic corticosteroids compared with patients in the placebo group, and earlier use was reported in the placebo group (p Ͻ 0.0001). Patients treated with budesonide DPI also had significantly more symptom-free days (p Ͻ 0.0001) compared with those receiving placebo. Early treatment with budesonide DPI also was shown to significantly reduce the number of hospital days (69% reduction; p Ͻ 0.001), emergency treatments (67% reduction; p Ͻ 0.05), and physician visits (36% reduction; p Ͻ 0.001) compared with placebo. 19 Among 1974 children aged 5-10 years evaluated for efficacy in the START study, budesonide DPI treatment showed a significantly reduced risk of an SARE (reduction of 40%; p ϭ 0.012) over 3 years compared with those who received placebo with usual care. 20 Moreover, the percentage of children requiring intervention with other ICSs was significantly lower in the budesonide DPI group compared with the placebo with usual care group (p Ͻ 0.001). As in the overall population, children experienced more symptom-free days with budesonide DPI compared with placebo. Specifically, budesonide DPI treatment resulted in a mean increase of 16 symptom-free days per child over 3 years (p Ͻ 0.001). 21 Budesonide DPI treatment also resulted in reductions in the number of hospital days (50% reduction) and the frequency of emergency department visits (34% reduction) compared with placebo. 21 In the START study, the budesonide DPI safety profile was similar to that of placebo in the overall population and in children aged 5-10 years. 8, 22 Children aged Ͻ11 years experienced a 3-year reduction in growth rate of 1.34 cm in the budesonide DPI group compared with the placebo group. The reduction was greatest during the first year of treatment (Ϫ0.58 cm) versus years 2 (Ϫ0.43 cm) and 3 (Ϫ0.33 cm). 8 After the initial 3-year double-blind phase of the START study, 5146 patients entered a 2-year open-label phase, during which inhaled budesonide DPI therapy was either continued (early budesonide DPI group) or initiated (previous placebo group/late budesonide DPI group). 9 Over the full 5 years of START, the overall risk of having at least one SARE was significantly lower for patients who began early treatment with budesonide DPI (odds ratio [OR] ϭ 0.61; p Ͻ 0.001). 9 For variables associated with impairment (e.g., symptoms), patients maintained improvements achieved during the double-blind phase or continued to improve during the 2-year open-label phase. However, the significant differences observed between the budesonide DPI and placebo groups during the double-blind phase were lost during the open-label phase.
Loss of pulmonary function over time has been shown to be greater in patients with asthma compared with normal subjects in several studies. 23, 24 Results from the first 3 years of the START study suggested that early intervention with single-entity budesonide provides significant benefits in reducing this decline. 8 Improvements from baseline in prebronchodilator percentage-predicted FEV 1 values were significantly greater with budesonide DPI compared with placebo after 1 year (4.52 versus 2.28, respectively; p Ͻ 0.0001) and 3 years (3.49 versus 1.77; p Ͻ 0.0001) in the overall population. 8 Children who received budesonide DPI also showed greater improvements in prebronchodilator percentage-predicted FEV 1 values compared with those receiving usual care at 1 year (4.35% versus 2.12%, respectively) and 3 years (3.77 versus 2.48, respectively). 20 In the overall population, a decline in postbronchodilator percentage-predicted FEV 1 values was observed in both treatment groups. This decline, however, was significantly attenuated with budesonide DPI compared with placebo at 1 year (Ϫ0.63 versus Ϫ2.11, respectively; p Ͻ 0.0001) and 3 years (Ϫ1.79 versus Ϫ2.68, respectively; p ϭ 0.0005). 8 Age was a significant (p ϭ 0.004) factor affecting postbronchodilator response. Children aged 5-10 years who received budesonide DPI also had an attenuated decline in postbronchodilator percentage-predicted FEV 1 values compared with those who received placebo after 3 years of treatment (Ϫ1.84 versus Ϫ2.31, respectively); the difference between treatments was less pronounced in children than in adults (0.47 versus 1.54, respectively). 20 Additional analysis of 3-year START data in patients with less mild asthma (i.e., prebronchodilator FEV 1 value of Ͻ80% of predicted normal at baseline or receipt of a corticosteroid dose during the previous 6 weeks) also showed an attenuation of pulmonary function decline with budesonide DPI compared with placebo. 25 The full 5-year START study failed to confirm that budesonide might modify the decline in lung function in patients with recent-onset mild persistent asthma.
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The 5-year study is limited by the open-label design of the final 2-year phase. Over the entire 5-year treatment period, prebronchodilator percentage-predicted FEV 1 values increased, whereas postbronchodilator percentage-predicted FEV 1 values decreased, regardless of treatment during the double-blind phase. The 5-year change from baseline in prebronchodilator and postbronchodilator percentage-predicted FEV 1 values was not significantly different between the early and late budesonide DPI treatment groups in the overall population. In adults only (aged Ն18 years), early budesonide DPI treatment attenuated the decline in postbronchodilator FEV 1 (p ϭ 0.044). This significant difference between early and late budesonide DPI treatment was not observed for children aged 5-10 years or adolescents aged 11-17 years.
Thus, the START study showed that early treatment (i.e., within 2 years of asthma onset) with single-entity ICSs improves overall asthma control by reducing asthma impairment and decreasing the risk of exacerbations, emergency care, and hospitalizations in this population of children and adults with recent-onset, symptomatic asthma not previously receiving routine therapy with ICSs.
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LONG-TERM OUTCOMES OF ICS THERAPY: THE CAMP STUDY
The benefits of long-term, continuous treatment with budesonide on asthma control were shown in the CAMP study. 10 This study included 1041 children with persistent asthma, as evidenced by current symptoms or use of inhaled bronchodilators at least twice weekly or other asthma medications daily. Patients were treated with budesonide DPI, nedocromil administered via pressurized metered-dose inhaler (pMDI) twice daily, or placebo for 4 -6 years. The benefits of single-entity budesonide DPI treatment in the CAMP study were notable for measures of asthma control and resource utilization.
Over the course of treatment, budesonide DPI resulted in significantly fewer symptoms (p ϭ 0.005), less albuterol use (p Ͻ 0.001), and more episode-free days (p ϭ 0.01) compared with placebo. 10 Significantly reduced hospitalization rates (43% reduction; p ϭ 0.04), urgent care visits (45% reduction; p Ͻ 0.001), and courses of prednisone (43% reduction; p Ͻ 0.001) also were observed with budesonide DPI compared with placebo. Treatment with nedocromil pMDI also significantly reduced urgent care visits (27% reduction; p Ͻ 0.02) and courses of prednisone (16% reduction; p Ͻ 0.01) compared with placebo. There were no clinically or statistically significant differences, however, between nedocromil pMDI and placebo in symptom scores, use of albuterol, episode-free days, and hospitalization rates.
Similar to the START study, budesonide DPI treatment did not attenuate the decline in pulmonary function as measured by postbronchodilator percentagepredicted FEV 1 values in patients aged 5-12 years. 10 However, budesonide DPI did result in improvements in the FEV 1 /forced vital capacity (FVC) ratio compared with placebo (prebronchodilator FEV 1 /FVC, Ϫ0.2% versus Ϫ1.8%, respectively; p ϭ 0.001; postbronchodilator FEV 1 /FVC, Ϫ1.0% versus Ϫ1.7%, respectively; p ϭ 0.08 [ Fig. 2] ). In addition, prebronchodilator percentage-predicted FEV 1 increased within 2 months after the start of the study and was significantly higher at the end of the treatment period in children receiving budesonide DPI compared with placebo (p ϭ 0.02). In contrast, no differences were observed between nedocromil pMDI and placebo at the end of the treatment period for the FEV 1 /FVC ratio or the prebronchodilator percentage-predicted FEV 1 .
As with the START study, the mean increase in height at the end of treatment in the CAMP study was significantly (p ϭ 0.005) less in the budesonide DPI group (22.7 cm) compared with the placebo group (23.8 cm), but the difference was primarily evident during the first year of treatment, and all groups had similar growth velocity by the end of the treatment period. 10 Notably, a prospective study in children with asthma showed that despite a reduced rate of growth observed with budesonide (mean dose, 412 g/day) during the first 3 years of treatment, children attained their final adult height after a mean of 9.2 years of treatment. 26 The CAMP study was not an early intervention study because children had a mean duration of asthma of ϳ5 years at baseline. Nonetheless, the study did not support that ICS controller therapy may alter the natural progression of the disease, leading to an important shift in the focus of asthma treatment from long-term disease modification to controlling asthma symptoms and quality of life. 1, 27 The results from the Prevention of Asthma in Childhood (PAC) trial failed to support that ICSs may affect the natural history of asthma in children. 11 In the PAC trial, 1-month-old infants (n ϭ 411) were treated with 2-week courses of budesonide pMDI (400 g/day) or placebo after a 3-day episode of wheezing and were followed for the first 3 years of life. Budesonide pMDI treatment during episodes of wheezing did not alter the progression from episodic to persistent wheezing in the first 3 years of life. There also were no short-term benefits of budesonide pMDI therapy in decreasing asthma symptoms during the 2-week treatment periods.
The results from the CAMP study support the use of ICSs as long-term controller therapy for children with symptoms consistent with mild to moderate persistent asthma and reinforce the safety of daily low-to mediumdose ICS therapy in terms of growth and development. 27 In the CAMP study, budesonide DPI treatment provided improvements in pulmonary function and morbidity (defined by the number of prednisone courses) that diminished with time but were still present at the end of the treatment period. Airway hyperresponsiveness, however, continued to improve throughout the study period with budesonide DPI compared with placebo (p Ͻ 0.001). 27 A key finding of the CAMP study was the regression of airway hyperresponsiveness to placebo levels within a mean of 0.2 years after discontinuation of budesonide treatment (Fig. 3) , further highlighting the importance of continued daily ICS treatment. 27 In conclusion, the CAMP study indicated that longterm treatment with the ICS budesonide decreases asthma impairment, evidenced by reduced symptom burden, decreased albuterol use, and improved pulmonary function, and decreases the risk of future exacerbations, evidenced by decreased hospitalizations and urgent care visits, in this population of children with persistent asthma.
DAILY ICS VERSUS AS-NEEDED ICS FOR PATIENTS UNCONTROLLED ON AS-NEEDED BROCHODILATOR THERAPY: IMPACT
The results of the Improving Asthma Control Trial (IMPACT) showed benefits of daily inhaled budes-
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Copyright @ Oceanside Publications, Inc. All rights reserved. onide therapy versus intermittent corticosteroid therapy on measures of asthma control and inflammation in adults (N ϭ 225) with uncontrolled asthma on asneeded rescue therapy. 5 Patients had symptoms consistent with mild persistent asthma as evidenced by short-acting ␤ 2 -agonist (SABA) use more than twice With the exception of accepting a baseline FEV 1 as low as 70% of predicted, patients were excluded who met criteria for moderate persistent asthma.
After a 4-week run-in period, followed by 10 -14 days of intense combined therapy (0.5 mg of prednisone per kilogram of body weight per day, 800 g budesonide DPI twice daily, and 20 mg zafirlukast twice daily), patients received budesonide DPI treatment, oral zafirlukast, or inhaled and oral placebo for 52 weeks. 5 Patients in all groups used an open-label, short-course of budesonide DPI (800 g twice daily) or oral prednisone (0.5 mg/kg of body weight per day) for worsening asthma symptoms according to an asthma action plan. 5 The treatment phase ended with another 10-to 14-day period of intense combination therapy to eliminate any reversible causes of airflow obstruction that would influence measures of PEF or FEV 1 .
The study failed to detect a difference among the three treatment groups for morning PEF, postbronchodilator FEV 1 , and quality of life. 5 However, continuous budesonide DPI therapy resulted in significantly greater improvements in pulmonary function (i.e., prebronchodilator FEV 1 [p ϭ 0.005] and bronchial reactivity [p Ͻ 0.001]) and inflammation (i.e., percentage of sputum eosinophils [p ϭ 0.007] and exhaled nitric oxide [p ϭ 0.006]) compared with intermittent therapy (i.e., as-needed budesonide or prednisone) or continuous zafirlukast therapy. Asthma control scores (p Ͻ 0.001) and number of symptom-free days (p ϭ 0.03) also significantly improved in patients on budesonide compared with intermittent or zafirlukast therapy. 5 Budesonide DPI is not indicated or recommended for intermittent or as-needed therapy, 1 and the results of the IMPACT study support that continuous daily budesonide therapy provides benefits over intermittent ICS therapy in improving asthma control, bronchial hyperresponsiveness, and inflammation in patients with asthma symptoms that were uncontrolled with as-needed SABA therapy. Daily ICS therapy reduced impairment by improving asthma control scores and prebronchodilator FEV 1. The study was not adequately powered to detect a difference in risk (i.e., exacerbations).
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COMBINATION THERAPY FOR PERSISTENT ASTHMA: THE OPTIMA AND FACET STUDIES
Treatment guidelines recommend combination therapy with an ICS and LABA as a treatment option for children aged Ն5 years and adults who are not well controlled on ICSs alone. 1 The OPTIMA study assessed the effect of adding formoterol to low-dose budesonide therapy for 1 year in patients with persistent asthma uncontrolled on either as-needed SABA or daily ICS. 12 Patients were stratified into two groups. Patients in group A were corticosteroid free (no ICS therapy for Ն3 months), had a postbronchodilator FEV 1 of Ն80% of predicted normal, and were symptomatic during the run-in period on only as-needed SABA. These patients (n ϭ 698) were randomized to receive twice-daily treatment with 100 g of budesonide DPI, 100 g of budesonide DPI plus 4.5 g of formoterol DPI, or placebo. Patients in group B had received Յ400 g/day of inhaled budesonide or its equivalent for Ն3 months, had a postbronchodilator FEV 1 of Ն70% of predicted In group A patients, single-entity budesonide DPI treatment improved asthma control with minimal benefit of added formoterol DPI therapy. 12 Daily budesonide DPI treatment reduced the risk of the first severe asthma exacerbation by 60% (Fig. 4) and the proportion of poorly controlled asthma days by 48% compared with placebo. The addition of formoterol DPI to budesonide DPI therapy did not provide additional significant reductions in these end points. The yearly rate of severe asthma exacerbations was numerically higher (p ϭ 0.50) with budesonide DPI and formoterol DPI (0.34) than with budesonide DPI alone (0.29). Improvements in the proportions of days with asthma symptoms or nighttime awakenings, and the number of inhalations of rescue medication per day were significant (all p Ͻ 0.0074) for single-entity budesonide DPI therapy and budesonide DPI plus formoterol DPI therapy versus placebo but not for monotherapy versus combination therapy. The addition of formoterol DPI to budesonide DPI treatment did result in additional significant benefits for percentage-predicted FEV 1 (p ϭ 0.023) and morning PEF (p ϭ 0.0001).
In group B patients, the addition of formoterol DPI to either dosage of budesonide DPI (100 or 200 g twice daily) reduced the risk of the first asthma exacerbation by 43% and the proportion of poorly controlled days by 30%, whereas doubling the dose of budesonide DPI from 100 g to 200 g twice daily improved these end points by only 19% and 13%, respectively. 12 Addition of formoterol DPI to the lower dosage of budesonide DPI was significantly more effective than doubling the dosage of budesonide DPI in reducing the rate of severe exacerbations (p ϭ 0.0001) and in improving percentage-predicted FEV 1 (p ϭ 0.015) and morning PEF (p ϭ 0.0015). The results from the OPTIMA study suggest that patients with persistent asthma who continue to experience symptoms while on single-entity, lowdose ICS therapy benefit from the addition of LABA therapy, whereas those symptomatic on only asneeded SABA therapy can be controlled with ICS therapy alone.
One of the landmark studies examining combination therapy with the ICS budesonide and the LABA formoterol was the FACET study. 13 A total of 852 adults previously treated with ICS therapy and had a mean baseline FEV 1 of ϳ76% of predicted normal, which is consistent with moderate to severe persistent asthma, were included in the study. Patients were randomized to treatment with twice-daily administration of 100 g of budesonide DPI plus placebo, 100 g of budesonide DPI plus 12 g of formoterol DPI, 400 g of budesonide DPI plus placebo, or 400 g of budesonide DPI plus 12 g of formoterol DPI. Combination therapy with the lower dose of budesonide DPI plus formoterol and single-entity therapy with the higher dose of budesonide DPI reduced the rates of severe exacerbations by 26% and 49%, respectively, compared with lower dose budesonide therapy. Thus, the higher dose of budesonide DPI resulted in a greater reduction in the rate of severe exacerbations than the addition of formoterol DPI (p ϭ 0.03). The rate of mild exacerbations was reduced by ϳ40% when either formoterol DPI was added to the lower dose of budesonide DPI or when the higher versus the lower dose of budesonide DPI was given. Although asthma symptoms and pulmonary function improved with the addition of formoterol DPI and with the higher dose of budesonide DPI, significant improvements were more consistent with the addition of formoterol DPI.
In both the OPTIMA 12 and FACET 13 studies, treatments were well tolerated, with similar frequency of adverse events reported across the different treatment groups. Although the use of LABAs has raised concerns with increases in exacerbations and asthma-related mortality reported in previously conducted studies, 29 not all patients in those studies also were taking an ICS. 30 These safety concerns did not appear to occur in a long-term safety study of budesonide/formoterol administered via one pMDI 31 or in the OPTIMA 12 and FACET 13 studies. As described previously, in the OPTIMA study, exacerbation rates in group A patients on budesonide DPI and formoterol DPI combination therapy did not statistically differ from rates in patients on budesonide DPI alone. Exacerbation rates were lower with combination therapy versus monotherapy in group B patients in the OPTIMA study and overall in the FACET study.
Thus, the OPTIMA 12 and FACET 13 studies defined a population of patients with persistent asthma that might benefit from ICS/LABA combination therapy. The results of the OPTIMA study indicate that in asthma patients with mild impairment who are not currently using ICS therapy, treatment with low-dose budesonide is sufficient to achieve asthma control; however, in patients whose asthma is not controlled on single-entity ICS therapy, the addition of formoterol should be considered. The results of the FACET study further indicate that patients with persistent asthma not adequately controlled on ICSs alone might benefit from combination ICS/LABA therapy.
CONCLUSIONS
Several key studies of budesonide have contributed to our current understanding of the role of ICSs in managing asthma. Together, these studies (START, CAMP, IMPACT, OPTIMA, and FACET) support current recommendations for daily ICSs alone as the first step in pharmacotherapy to reduce asthma impairment and risk in patients with persistent symptoms of asthma that are uncontrolled with as-needed SABA. For optimal control of asthma in patients exhibiting mild impairment while not receiving ICSs, it is important to give ICSs as maintenance treatment continuously versus intermittently (IMPACT). Although single-entity ICS therapy is adequate for initiating therapy in recent-onset asthma uncontrolled with as-needed SABA alone, results of the FACET and OPTIMA studies show added benefit of stepping up to combination therapy with a LABA for patients with persistent asthma who may not be controlled with ICSs alone. These studies show the benefit of ICS monotherapy and ICS/LABA combination therapy in improving asthma impairment and reducing future risks of exacerbations. In conclusion, these studies contribute to the recent asthma management concept of treatment based on disease control, through reductions in impairment and risk, and treatment response as outlined in the Global Initiative for Asthma and National Asthma Education and Prevention Program guidelines. 
